Abstract Research on walking behavior has become increasingly more important in the field of transportation in the past decades. However, the study on the factors influencing the scheduling decisions related to walking trips and the exploration of the differences between travel modes has not been conducted yet. This paper presents a comparison of the scheduling and rescheduling decisions associated with car driving trips and walking trips by habitual car users using a data set collected in Valencia (Spain) in 2010. Bivariate probit models with sample selection are used to accommodate the influence of pre-planning on the decision to execute a travel as planned or not. The explicative variables considered are socio-economic characteristics of respondents, travel characteristics, and facets of the activity executed at origin and at destination including the scheduling decisions associated with them. The results demonstrate that a significant correlation exists between the choice of pre-planning and rescheduling for both types of trips. However, some interesting differences arise regarding the scheduling and rescheduling decision processes between travel modes: car driving trips are more pre-planned than walking trips, and if the latter are pre-planned, they are more likely to be carried out without any modification. Additionally, an important result indicates the effect of the proximity of the residence to the city centre of Valencia on the scheduling decisions of walking trips: those living closer to the city centre pre-plan more walking trips.
Introduction
Urban mobility is responsible for about a quarter of CO2 emissions from transportation and promoting more sustainable behavior is among the objectives of the European Union (EC 2011) . Walking is an environmentally friendly travel mode and one of the alternatives to individual conventional transportation. In the case of Spain, walking is the most important mode of transportation for trips other than commuting, and non-motorized trips (walking and cycling) constitute 23% of commuting trips (Monzón et al. 2013) . The importance of active transportation is not only related to environment but to health: countries where active transportation is most common have the lowest obesity rates (Bassett et al. 2008 ).
There is considerable research in the field of walking as a transportation mode. Some recent efforts are focused on the understanding of pedestrian route choice (Weinstein et al. 2008; Borst et al. 2009; Zielstra and Hartwig 2012; Canca et al. 2013) , pedestrian level of service (Asadi-Shekari et al. 2013) , the link between the built environment and walking (Greenwald and Boarnet 2002; Cao et al. 2006; Kelly et al. 2011; Yin 2013; Guinn and Stangl 2014) and other factors influencing walking frequency (Lachapelle and Noland 2012) , among others studies. However, past research has not focused on the understanding of factors influencing the scheduling and rescheduling of walking trips.
The interest in the analysis of activity scheduling decision processes is explained because the success of transportation policies depends on how people schedule and change their activity-travel patterns. Over the last few decades there have been making significant advances in the development of activity-based travel demand models. The activity based approach is intended to capture the influences of different policy variables on various stages of activity-travel decision making processes (Habib et al. 2012) . More specifically, the activity scheduling process is defined as the planning and execution of activity-related decisions over time within a household (Doherty 2000) . In the scheduling process, the pre-planning of activities is followed by a more dynamic and continuous series of short-term pre-planning, 4 Sheila Ferrer and Tomás Ruiz (Arentze and Timmermans 2000) , TASHA (Roorda et al. 2005) . More recently, other models have been developed in an effort to address a framework for the activity scheduling process, the random utility maximization based dynamic activity scheduling model (Habib 2011) , ADAPTS (Auld and Mohammadian 2012) and two new multi-state super-network models (Liao et al. 2013; Xiao and Lam 2014) , among others.
For example, one of the most recent efforts is the ADAPTS model (Agent-based Dynamic Activity Planning and Travel Scheduling), developed by Auld and Mohammadian (2012) to simulate planning, scheduling and execution of activity patterns in an integrated dynamic framework. This framework allows the simulation of activity planning in a nonsequential order, where the individual attribute choice decision can be made at any time before the activity is executed and in any order. Some of the individual decisions included in this model are: destination choice, starting time, travel mode and duration, etc.
Scheduling and rescheduling dynamics
Empirical analysis of some of the dynamics aspects of activity scheduling have been conducted by Doherty (2005) , Joh et al. (2005) , Mohammadian and Doherty (2006) , Clark and Doherty (2008) , Nijland et al. (2009) , Roorda (2008, 2011) . Also a set of activity conflict resolution models have been created to address how an individual reschedules his/her activities when conflicts arise, including Ruiz and Timmermans (2006) , Nijland et al. (2009) 
among others.
Some studies are aimed at improving the understanding of factors affecting the activity-travel scheduling and rescheduling behavior. Mohammadian and Doherty (2006) developed a model to predict the duration of time between planning and execution of activities and found that longer activities tend to be planned further ahead. Joh et al. (2005) analyzed the attributes influencing the probability of an activity episode to be rescheduled using a multinomial logistic regression and found that activities planned to be executed in the afternoon and evening and those performed at home were more likely to be modified. Nijland 5 Sheila Ferrer and Tomás Ruiz et al. (2009) performed an experiment to estimate parameters determining the rescheduling of activities and associated travel in response to unforeseen events. Van Bladel et al. (2009) studied which activities are planned beforehand (scheduled days or weeks in advance) and which are spontaneously executed (executed without planning). They also analyzed whether planned activities are executed with or without modifications in any of their attributes and the factors influencing these rescheduling decisions. Both analyses were carried out using two separate mixed logit models. Van den Berg et al. (2010) focused on the planning of social activities as a function of personal and household characteristics, social activity characteristics and persons involved.
Recently, García-Garcés and Ruiz (2013) found a significant correlation between the decision to execute or not a pre-planned activity-travel episode and the decision to execute that activity episode as pre-planned or with modifications. Bivariate probit sample selection models were used to take into account potential self-selectivity bias in the decision process.
All the studies discussed above deal with some specific aspects of the activity-travel scheduling and rescheduling process. Recently, Ferrer and Ruiz (in press ) focused on the analysis of the scheduling and rescheduling decisions associated with car driving trips by habitual car users, using a bivariate probit model with sample selection to consider the influence of pre-planning on the decision to execute a trip as planned or not. The explicative variables included in the model are individual and household characteristics of respondents, trip characteristics and facets of the activity at origin and at destination.
In this paper, we focus our research on the comparison of habitual car users' scheduling and rescheduling travel decisions related to car driving and walking trips. This is the first study developed to understand the differences in travel scheduling decisions by habitual car users between car driving and walking trips. Two bivariate probit models with sample selection are used: one for car driving trips and another for walking trips. In addition, to accommodate heterogeneity effects, random parameters are used in both models. 
Data characteristics

Data collection
The dataset used in this study was collected in the first wave of an activity-travel panel survey conducted in Valencia (Spain) in autumn 2010 from 166 adults (Ruiz et al. 2012; Ferrer and Ruiz, in press ). The aim of this activity-travel panel survey was to study the influence of travel behavior change programs on both travel mode choice and activity-travel scheduling process of habitual drivers. Thus, the panel survey was designed to collect multiday information on observed activity-travel patterns both in planning and execution stages.
The recruitment of habitual car users for the panel survey was carried out at parking lots located throughout the city of Valencia (Ferrer and Ruiz, in press ). The survey methodology consisted in three phases (García-Garcés and Ruiz 2013): a preliminary faceto-face interview to generate a pre-planned activity-travel agenda, the completion of an activity-travel diary implemented on mobile phones to collect characteristics of activities and trips as they were executed; and in-depth telephone interviews to inquire respondents on the reasons for the differences between the pre-planned agenda and observed activities and travels.
In the face-to-face interview, demographic and socioeconomic information was collected and respondents were asked to generate a pre-planned agenda for the week starting the day after the interview. Participants should define all activities and trips already scheduled using paper and pencil. The following attributes of each pre-planned activity/travel were asked to be defined if known (García-Garcés and Ruiz 2013): type of activity/mode of transport, starting time, duration, location/destination, number of household members and number of non-household members involved. In this first face-to-face interview, mobile phones were delivered to participants, which included activity-travel diaries implemented to collect activities and trips as they were executed. A wide range of activity types were available to be selected in the phone survey and organized into eight main groups (Basic Needs, Work/school, Shopping, Household Obligations, Leisure, Services, Social and Other) and thirty-seven specific activity types (Sleep, breakfast/lunch/dinner, personal care, working, tele-working, attending classes, etc.).
During the research week, participants were asked to carry the mobile devices with them and register the activities and trips performed in real time. They had to switch on the mobile phone when they woke up in the morning, and select the first activity type, location, estimated duration and with whom it was undertaken. Every time a participant confirmed that an activity or travel had ended, a real-time e-mail containing all the data of the episode executed was sent to a central server where observed activity-travels were manually compared with preplanned activity-travels. Additionally, participants were contacted by phone two to three times during the research week to inquire on the reasons for the observed changes in the attributes between pre-planned and executed activities and trips and to complete the agenda of the following days as had been previously decided. For further details about the data collection methodology the reader can consult Ferrer and Ruiz (in press ).
Data sample
The panel survey was formed by 166 respondents, who provided a total of 21163 episodes of activities and trips. For the purpose of this study, only car driving trips and walking trips are considered, which constitute 84 % of all recorded trips. After removing poor-quality records, 2976 car driving trips and 843 walking trips together with the main activity at origin and at destination are included in the final data set for modelling and research purposes of this paper.
The socio-demographics statistics are similar to the distribution of gender and occupation in Valencia in 2010, except for the low number of people over 50. The sample consists of 166 respondents (47% female, 53% male) that are between 18 and 70 years of age (45% between 18 and 30, 47% between 31 and 50, and 8% over 50). The education status of the sample is as follows: 5% have an elementary education level, 32% secondary 8 Sheila Ferrer and Tomás Ruiz education level, 14% post-secondary non-university level, 19% bachelor's degree, 30% master's degree or PhD. In terms of the activity status, 71% of respondents are employed, 24% studying and 5% unemployed or retired. In addition, 40% of respondents are living within 2.5km of the city centre of Valencia.
Descriptive statistics
The manual comparison of executed travel episodes with those pre-planned in the agenda resulted in four types of scheduling decisions (Ferrer and Ruiz, in press ): executed as preplanned, pre-planned and executed with changes (modified or rescheduled episodes), added spontaneously the same day (added episodes) and pre-planned but not executed (deleted episodes). However, with the aim to simplify the analysis, the data used are only executed trips, not deleted episodes. Thus, only three types of trip scheduling decisions are considered: executed as pre-planned, pre-planned and modified, and spontaneously added.
In practice, activities or trips are considered modified if one or more of its attributes are rescheduled:
 The pre-planned starting time or duration differs more than 30 minutes from the executed starting time or duration.
 The specific activity type executed is different from the pre-planned type but remains in the same main group of activities. For example, an activity is modified if it was scheduled as attending classes but it was executed as studying since both specific activities belong to the same group: work/study. Additionally, a trip is modified if it was planned to be undertaken by a specific travel mode but it was executed in a different mode of transportation.
 The location of the activity or the destination of the executed trip are different from those pre-planned.
 The number of household members/non-household members pre-planned to be involved in the activity or trip differ from the number present in the execution. 9 Sheila Ferrer and Tomás Ruiz For the identification of the main activity executed at origin and the main activity executed at destination, the criteria was to choose the longest activity in duration within two hours before the starting time of the trip and the longest activity within two hours after ending the trip.
The following tables show the average weekly car driving trips and walking trips per person and scheduling decisions by demographic and socio-economic characteristics. and 50 pre-plan about 64% of their trips and execute as pre-planned the higher percentage of trips. On average, those with higher education make more weekly trips. In addition, together with those with a post-secondary non-university level, respondents with the highest educational level schedule more trips by car than the rest and they spontaneously add only a few. Workers make more trips than students and tend to schedule a higher percentage of their car trips compared with respondents who are unemployed. Retired and unemployed execute spontaneously the highest number of trips by car. Those married or living in couple undertake slightly more trips than those who are divorced or single, and they also present higher percentages of pre-planned trips.
The descriptive results presented in Table 2 are associated to walking trips. In contrast with the results obtained for car trips, walking trips are more likely to be added without pre-planning and less likely to be modified once pre-planned in the agenda. In addition, gender might have a significant effect in the scheduling process: women schedule more than half of the walking trips while men pre-plan less walking trips. Men modify walking trips in percentage more than women and add more than half of the trips. Similar results are found for trips by private car. Those aged between 30 and 50, schedule more than half of their walking trips compared to younger and older people who are more likely to add half of their trips. These results are in line with those for car trips.
On average, those with higher education make more weekly trips, both walking and by car. To have a higher education is likely to influence the scheduling process: in percentage these respondents schedule more than 50% of these trips. Workers schedule a higher percentage of their trips compared to those not working (students, unemployed and retired) who add more than 50% of their trips. These findings are in line with the results for car trips. Those married or living in couple undertake slightly more trips than those who are divorced or single, and they also present higher percentages of pre-planned trips. Equivalent results are those obtained for car trips. The scheduling decisions studied also depend on characteristics of the main activity at origin and destination. The frequency of car and walking trips by activity at destination and the type of scheduling decisions in percentage is presented in Table 3 . Car trips to undertake basic needs, work or study-related activities and household obligations are mainly preplanned and basic needs-related trips are the most modified among them. Trips for shopping and carrrying out service activities, such as medical or banking appointments, are the most spontaneously added. The characteristics of the scheduling decisions related to walking trips are similar to car trips: trips to undertake "mandatory" activities (work or study, household obligations) are scheduled in advance, together with those basic needs-related, and 12 Sheila Ferrer and Tomás Ruiz shopping trips are the least pre-planned. The main difference observed between car trips and walking trips is that walking trips are mostly executed as pre-planned once scheduled in the agenda, while car trips are more sensitive to changes. Table 4 presents the frequency of car and walking trips by the type of activity at origin and the type of scheduling decisions in percentage. Trips related to activities at origin like executing basic needs, work or study-related and household obligations are pre-planned and generally executed without any modification. In addition, after shopping, car and walking trips are more spontaneously added but if pre-planned, walking trips are the least modified. Ferrer and Ruiz (in press) found, a significant correlation exists between the choices of pre-planning and rescheduling a car driving trips and those decisions should be modeled together (car driving trip scheduling model). Similarly, the decision to execute a walking trip as pre-planned in the agenda could also be correlated with the decision of pre-planning it or not. Therefore these decisions will be modeled together (walking trip scheduling model).
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Model estimation and results
As
The statistical model used in this paper is derived from Heckman's (1979) work on selection bias in non-random samples. In our case, selection bias may arise because rescheduling decisions are only observed for those pre-planned trips, which is a restricted and non-random sample. As the two dependent variables of the analysis are dichotomous and may be correlated, the appropriate model is a bivariate probit model, and to take into account the possible selection bias, a bivariate probit model with sample selection was used.
The estimator of this model was proposed by Van De Ven and Van Praag (1981) and is discussed in Greene (2000) and Liao (1995) .
The models predict scheduling decisions related to car (car driving trip scheduling model) and walking trips (walking trip scheduling model) in two steps (pre-planned or unplanned; and for those pre-planned, rescheduled or not) as a function of demographic and socio-economic variables of the respondent, trip characteristics, characteristics of the activity at origin/destination and the scheduling decisions related to those activities.
Model Description: Bivariate probit model with sample selection
The dependent variables involved in the models are two, one for each step of the bivariate probit model with sample selection. For the first step of the model, the dependent variable Random parameters are used in first and second steps of the models. The underlying motivation of the random parameters is to accommodate individual heterogeneity in the parameters of the models. The general form of a random parameter is:
where β 0 is the mean of the parameter, which is fixed and common to all respondents, while σ is the standard deviation of the parameter and vi a normally distributed term. Note that nonrandom parameters have σ= 0, so their formulation is β i = β 0 .
The models are estimated by maximum likelihood, where the log likelihood is: 
Empirical results
The models were estimated using Nlogit 5 software by the maximum likelihood method. The critical level of significance chosen was 0.10 and statistically insignificant variables are excluded from the model. However, some variables not significant at 0.10 level are kept in the models to understand the direction of their effects.
Results given by the bivariate probit model with sample selection for the scheduling and rescheduling of car driving trips and walking trips are summarized in Table 5 and 6.
As can be seen, the ρ coefficients in Table 5 are significantly different from zero (-0.494 for the car driving trips scheduling model; -0.525 for the walking trips scheduling model), validating the methodological approach used in this study. Thus, the bivariate probit models with sample selection are appropriate to avoid the biased estimation of the coefficients and marginal effects that might result if independent probits were implemented for the second step of the models. The negative sign of the ρ coefficients suggest that unobserved factors that increase the probability of pre-planning a trip also decrease the propensity to execute the travel episode as pre-planned.
The goodness of fit of the models is measured by the McFadden Pseudo R-squared statistic, which is 1 minus the ratio of the log-likelihood value of the full model and the loglikelihood value of the restricted model (constant only model). A McFadden Pseudo Rsquared value closer to 1 represents better fit to the observed data. In our case, the relatively high values of the McFadden Pseudo R-squared for both models indicate a substantial increase in the log likelihood function due to the inclusion of the explanatory variables in the models. First step: to pre-plan or spontaneously execute a trip
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The probit for the first step of the bivariate models analyzes the decision to pre-plan or to spontaneously execute a trip without any pre-planning. Marginal effects are calculated using univariate probit models and evaluated at the mean of the explanatory variables. Positive signs of the marginal effects are associated to a higher probability that the executed travel episode is pre-planned. Next, results for the first step of the models are discussed by type of explanatory variable.
Type of scheduling of the activity at origin and destination
As expected, the estimated marginal effects suggest that the scheduling process of car driving and walking trips is highly influenced by the type of scheduling of the activity at origin and destination of the trip. If the activity at origin or destination is spontaneously added, the likelihood of pre-planning the trip decreases. Similarly, if there is a pre-planning of the activities at origin or destination, trips are normally pre-planned. Marginal effect values are in general of similar magnitude in both models, which indicates that the type of scheduling of both previous and posterior activities influence in the same way the decision to pre-plan or not a car driving or a walking trip.
Characteristics of the activity at origin (No hay variables significativas, podemos decir algo, u omitirlo directamente) LO OMITIMOS DIRECTAMENTE Trip characteristics
Marginal effects indicate that trips from work to home are more often pre-planned: 14.0% more likely for car driving trips, and 19.1% for walking trips. In the case of car trips from home to work, the likelihood of pre-planning increases by 16.6%. These results are consistent with previous results finding that pre-planned activities at origin or destination 22 Sheila Ferrer and Tomás Ruiz increase the probability of pre-planning the trip, and in this case, work-related activities are mandatory and generally pre-planned.
Characteristics of the activity at destination
Some activity types at destination increase the propensity to pre-plan a car driving trip: work or study-related trips (by 5.7%), household obligations (by 13.2%) and leisure (by 11.3%). In the case of walking trips, similar results are found: executing a walking trip for work or studyrelated purposes increases the probability of pre-planning the trip by 12.1%, household obligations executed by women (by 15.1%) and leisure (by 9.5%).
Household and individual characteristics
Walking trips are more spontaneously added by individuals with for families withof two members. This result indicates that those living alone or in households with more than two family members (e.g. households with children) have less flexible agendas, increasing the pre-planning of walking trips.
Modeling results show that the number of cars in the household also explains the preplanning of car trips: each additional car in the household increases by 2.3% the probability of spontaneously adding car driving trips. Our explanation is that the higher number of cars in the household allow for a more spontaneous scheduling behavior. This result is contrary to findings by Mohammadian and Doherty (2006) , who found that those with a greater number of cars within the household tend to plan more in advance, however, their results may differ from our findings because their analysis did not include activities planned the same day or impulsively added just before execution. The effect of the number of cars in the household is also found significant at the 0.15 level for the scheduling of walking trips: each additional car within the family increases by 1.9% the likelihood of spontaneously adding walking trips.
Second step: to execute as pre-planned or modify a trip 23 Sheila Ferrer and Tomás Ruiz The second step of the bivariate model analyzes the decision to execute a car driving or walking trip as planned or modifying any of the pre-planned attributes of the pre-planned trip.
The significant and different zero values of ρ confirm the bivariate probit models with sample selection are appropriate and also certify that the parameter estimates of the second steps are unbiased. The bias in the estimated coefficients could lead to erroneous conclusions, or even, contradictory results. As the correlation between the error terms in the two models is negative (ρ < 0), it implies that if a person has a high (low) value in the distribution of unobserved effects in the first equation, he or she is likely to have a low (high) value in the distribution of unobserved effects in the second equation. These results prove that rescheduling and scheduling decisions are correlated, and have to be simultaneously analyzed, involving some of the previous research in this field. For example, Van Bladel et al.
(2009) separately analyzed whether planned activities are executed with or without modifications in any of their attributes and the factors influencing these rescheduling decisions using mixed logit models.
For this second step of the models, marginal effects are evaluated at the mean of the explanatory variables using results provided by the bivariate probit models. Positive signs of the explanatory variables and marginal effects are associated with a higher probability that the travel episode is executed exactly as pre-planned.
Type of scheduling of the activity at origin and destination
Similarly to results provided by the first step of the model, marginal effects suggest that the scheduling process of car driving and walking trips is highly influenced by the type of scheduling of the activity at origin and destination of the trip.
A highly significant result shows that when both the activity at origin and at destination of the trip are modified, the likelihood of modifying the car driving trip substantially increases:
79.7% for car driving trips and 534.71% for walking trips. If the anterior or posterior activity is spontaneously added, again both car driving and walking trips tend to be modified prior to 24 Sheila Ferrer and Tomás Ruiz their execution. But in this later case, marginal effects associated to car driving trips are much higher (-0.537 and -0.351) than walking trips (-0.104 and -0.129). The lower value for walking trips explains that once pre-planned, these trips are relatively less likely to be modified than car driving trips, showing a less flexible rescheduling behavior. The explanation of this difference between car driving and walking trips may be related to the fact that the data used in our study was provided by sample of the study, habitual car users. This population is characterized by often pre-planning and executing car driving trips, and if they pre-plan a walking trip it may be because they are certain that they will execute it exactly as planned.
For both car driving and walking trips, when the activity at origin is executed as preplanned and the activity at destination is modified, trips are more likely to be modified. The probability of modifying the trip is lower for trips with inverse scheduling decisions for the activity at origin and destination, indicating a more important influence of changes in the activity at destination on the rescheduling of trips.
Characteristics of the activity at origin
Only the activity at origin related to household obligations is significant to explain the rescheduling of car trips, with an expected sign.
A household obligation at the origin of the trip increases by 13.7% the likelihood of executing a car driving trip as pre-planned. Obliged activities are usually more rigid than others, which influences the subsequent trip to be less flexible. This also occurs when the obliged activity is at destination of the trip (see below).
Trip characteristics
The later the start of the car trip starts, the more tendency likely it is to modify the preplanned trip [TRS2] . Joh et al. (2005) and Van Bladel et al. (2009) also found that pre-planned activities to be executed later during the day tend to be more rescheduled than those pre- The marginal effects of the variables related to the location of the origin and destination of the trips like "work to home", "home to work", "work to other" and "home to other" confirm the following result: walking trips, once pre-planned, are less modified, showing a more rigid rescheduling behavior compared to car driving trips. Most important differences are found for trips from "home to work" and "work to other", cases in which marginal effects for the walking model are substantially higher than marginal effects in the car driving model. In particular, estimated marginal effect of "home-to-work" on walking trips is much higher (0.465) than on car driving trips (0.097). This result may be explained by the fact that walking trips are shorter than driving trips, being easier to be executed as pre-planned even though anterior and/or posterior activities are modified.
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Characteristics of the activity at destination
The day of execution of the trip has a similar influence on the scheduling decisions related to car driving and walking trips: trips linked to activities to be performed on Sunday are the most modified[TRS3]. This is a logical results, considering that during weekend people usually have less pressure to perform activities and travels as they were pre-planned. Car driving and walking trips to work/study or to undertake leisure activities are normally executed as preplanned. In the case of trips to work/study, the result is explained by the fact that these trips are to undertake mandatory activities with fixed starting and ending times. Other results suggest that car driving trips to execute household obligations are executed without changes, and also, female walking trips for the same purposes.
Household obligations at destination have a significant and positive marginal effect on the probability of modifying a pre-planned car driving trip. Although marginal effect value is low (0.075), meaning a slight tendency towards executing trips as pre-planned. Similarly, household obligations at destination affects in the same way on walking trips made by females. As mentioned earlier, obliged activities are usually more rigid than other, influencing related trips to be less flexible.
Household and individual characteristics
Age is a significant factor for to explain rescheduling walking trips. People over 30 are moreincrease the likelihoody to execute their pre-planned walking trips without changes by at least 21.1%. This is an important finding, as it suggests that activity-travel planning issues are different according to age. This result may be explained due to the more spontaneous behavior of younger people, with less tight schedules than those older. On the other hand, age does not significantly affects the probability of modifying a car driving trip. Estimated marginal effects of education level on the probability of modifying a preplanned trip are significant and negative in both models, although with a low value (-0.028 27 Sheila Ferrer and Tomás Ruiz and -0.057). Therefore, tThe higher the education level of the respondent the more probability to modify pre-planned car or walking trips. Van Bladel et al. (2009) also found that those with secondary, pre-university or a university degree have a higher tendency to reschedule their activities and trips. Similarly, results by Joh et al. (2005) showed that the probability of modifying an activity or travel episode increases in parallel with income. Individuals in two-members fFamilies with two members within the household increase the probability to modify their pre-planned walking trips by 6.8%, despite this variable is only significant at the 0.15 level. This result is in line with that found in the first step of the model showing that those living alone or in households with more than two family members (e.g. households with children) have less flexible agendas, increasing the pre-planning and execution of walking trips as pre-planned. Joh et al. (2005) found that modifying a travel or activity episode is more likely when the household size is small. Estimated marginal effects of number of cars on the probability of modifying a pre-planned trip are significant and negative in both models, although with a low value as well (-0.012). As the number of cars in the household increase, so does the probability of modifying the preplanned trip. Household motorization positively influences the flexibility of scheduling decisions.
Conclusions
To the best of our knowledge, this study is the first which that explores the differences and similarities of rescheduling decisions between car driving trips and walking trips in by habitual car drivers' scheduling and rescheduling decisions between car driving trips and walking trips. The study was carried out using an activity-travel scheduling data set collected in Valencia (Spain) in 2010. Two bBivariate probit models with sample selection are used to accommodate the influence of pre-planning on the decision to execute a trip as pre-planned or not. Two models are developed:: one model for car driving trips and another model for Whether referring to car driving or walking trips, tThe results of the models reveal that a significant correlation exists between the choices of pre-planning and rescheduling for both types of trips. This result finding proves that the study of rescheduling decisions has to be analyzed together with scheduling pre-planning decisions and involves some of the previous research in this field.
Pre-planning trip decisions are much related to scheduling decisions of the anterior or posterior activity. Trips related to work/study and household activities are more probably preplanned. The number of cars in the household increase the probability of spontaneously add trips, so pre-planning trips is more flexible. Similar marginal effects are estimated for both car driving and walking trips in all cases.
Considering the magnitude of the estimated marginal effects, the scheduling decisions associated to the anterior and/or posterior activities are the most important explicative factors of the trip rescheduling decisions. This is an expected result. But it is important to note here the first difference between car driving and walking trips: if the anterior or posterior activity is spontaneously added, the probability of modifying a pre-planned car driving trip is much higher than a walking trip. Some Other differences and similarities between the scheduling decisions related to car driving and walking trips arise in the models. One of the main differences is thatHomework walking trips, once pre-planned, are usually executed without changes, whereashave a much higher probability of being executed as pre-planned than car driving trips show a more flexible rescheduling behavior. The duration of the trip also provides a relevant difference: trips longer than 20 minutes are often more likely to be modified; however, walking trips of this type tend to be more frequently rescheduled than car driving trips.
Individual and household characteristics play a more important role in explaining walking than car driving scheduling decisions. People over 30 more often execute their walking trips as pre-planned. Furthermore, the number of family members in the household is indicative of the pre-planning and rescheduling behavior: families with two members spontaneously add and modify more walking trips than other families. On the other hand, age and household size are not significant factors in explaining car driving scheduling decisions.
Similarities between both models reveal that significant variation in the rescheduling behavior happens throughout the week. The ending of the week (Sunday) is the moment with more probability to modify pre-planned trips, whether they are car driving or walking trips. In addition, one interesting finding suggests that modifications in the activity pre-planned at destination are more influential than modifications in the activity pre-planned at origin on the likelihood of modifying attributes of the car driving or walking trip.
The walking scheduling decision model also provides very interesting results. People over 30 more often execute their walking trips without changes. Furthermore, the number of family members in the household is indicative of the pre-planning and rescheduling behavior: families with two members spontaneously add and modify more walking trips than other families.
The study has some limitations., First limitation is some are related to the datasample size sampling: it is relatively small and only refers to habitual car users. Another limitation affects the scheduling time horizon of activities and trips: most of the modifications of preplanned activities are carried out in different time horizons but this information were not considered in the analysis. With the aim to simplify the analysis, deleted pre-planned and not executed (deleted) trips and activities were excluded. Nevertheless, this study offers indications to improve the current generation of activity-travel scheduling models. For example, there is some heterogeneity in the decision processes depending on the travel mode used. Thus, a higher disaggregation of the scheduling decisions according to the travel mode seems necessary in the current generation of activity scheduling and rescheduling models.
Further research is needed to better understand the scheduling process decisions associated with activities and trips. This will involve not only considering those pre-planned 30 Sheila Ferrer and Tomás Ruiz and deleted trips but also analyzing the qualitative data available to understand the results provided by some variables. Furthermore, the comparison of the activity scheduling process between habitual car drivers and sustainable transportation users will provide insights to more effective transportation policies.
